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Summary 

The  following  report  concerns  Itself  In  principle  with 

a)  Transistor  selection  and  evaluation 

h)  The  ba.sic  design  problem 

c)  The  evaluation 
of  the  flow-ga,ting  memory.  The  proposed  mechanism  was  initially  based  upon 
Report  No.  83  of  this  laboratory,  but  was  modified  to  improve  speed,  reliability 
and  driver-stora.ge  element  balance. 

The  proposed  system  consists  of 

a)  ik   flow-gating  flipflops,  which  constitute  a.  l/k   word 
(3  transistors  per  bit) 

b)  The  read- in  driver  (l8/l4  transistors  per  bit) 

c)  The  read-out  driver  (lO/l^  transistors  per  bit) 

d)  Termination  equipment  (2/II  transistors  per  bit) 

The  system  uses  therefore  five  transistors  per  bit  of  which  12/l4  are  GF^5011, 
ho/'J'J   are  N-lOl  and  the  remaining  parts  are  of  the  N-lOO  type.   The  terminal 
properties  are  given  in  Figure  1. 
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Read -In 
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B 


D 


Voltage  in  Volts 

Current  in  ma, 

One 

Zero 

One 

Zero 

1.5 

^  0.9 

+  3»2 

0.9 

2.86 

2.22 

15 
1.5 

3.2 

0.9 

3.2 
0.9 

2.63 
1.75 

0 
0 

0 

18 

3.11 
2.67 

1.6 
0 

1.6 

0 

25 

All  table  values  are 
steady  state  values . 


The  voltages  given  a.re  at 
ma,ximum  allowable  output 
currents .  A  voltage  vs 
current  output  curve  is 
contained  in  the  report. 


Figure  1 
Flow-gating  Memory  Terminal  Properties 


-1- 


In  order  to  read  out  of  the  flowflop,  C  must  be  negative. 
In  order  to  read  Into  the  flowflop^  B  must  be  negative. 
If  not  reading  out^  D  is  positive. 

The  AC  behavior  is  discussed  in  considerable  detail.  The  "rea'.--in 
speed"^  after  tolerance  correction,  is  less  than  90  nsec;  the  read-out  speed 
is  in  the  vicinity  of  80  nsec,  when  referenced  to  the  input  of  the  respective 
drivers.   This  apparently  satisfies  the  proposed  requirement  of  I50  nsec. 
access  times o 
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Introduction 


A  storage  system  may  in  general  be  described  by: 


Signal  Input  O 
•   (X) 


Isolator 


Storage  Element 
(ST), 


Stored  Information 
f . 


(ST).  -  Last  Stored  State 

1 


Read  Control 


Figure  2 


The  output  f .  is  given  by: 

f .   =  XR.  ^  ST.R. 
1       1     11 

The  use  as  a  register  system  requires  a  gated  output  such  that  the  final 
output  is 

Y   =   S.(XR.  v/ST.R.) 
11     11 

where  S.  is  the  send  control.   If  S.  =0  the  output  may  be  in  either  the  one 
or  zero  band  or  floating. 


A .   Isolator 

The  isolator  inhibits  the  flow  of  information  to  the  storage  element, 

It  is  in  general  not  a  simple  AND  or  OR  circuit  unless  a  clearing  and  gating 

cycle  is  used.   For  a  single-wire  system,  a  double-gating  method  involves 
the  following : 


IN  o- 


The  complications  are  of  course  connected  with  the  nature  of  the  triggering  point , 
The  problem  is  evident  from  the  following  diagram: 


Gate  "1 


Store  "1' 


Gate  "0 


Store  "0' 


Z     <  Z 

Gate    Store 

Figure  h 

Two  circuits  are  required  for  gating  since  the  triggering  point  is  in  the  feedback 
path^  i.e.  it  ha,s  the  potential  of  the  last  state.   This  in  turn  implies  that  a 
gating  system  which  involves  minimum  complexity  should  ha,ve  a  trigger  point  isolated 
from  feedba.ck  circuitry.  A  possible  answer  would  be  the  following  circuits: 


X  O U 


R. 

1 


>Rn 


<K 


-V 


r 


-V 


Figure  5 
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Direct  gating  is  achieved  by  changing  the  potential  of  the  divider.  Either  an 

analog  (Figure  ^a)   or  digital  (Figure  5h)  method  may  be  used;  with  appropriate 

speed  advantages  for  the  latter  method.   The  use  of  a  constant  current  sink 

offers  good  pulse  response.   The  logica.l  output  A  occurs  at  t  +  ^„!  where  A 

U     n  K 

is  the  inherent  delay  of  the  read  driver. 

A  =  XR.  [t^  +Aj^] 


B.   Storage  Element 

The  choice  of  the  storage  element  is  restricted  by 

a,)  Gate -method 

b)  Single-wire  system  requirement 

c)  Maximum  allowable  setting  speed 

The  restrictions  force  the  topology  of  an  a.ssymmetric  flipflop.   Since 
speed  is  essential  a,  feedback  path  which  does  not  involve  collector  delays  is 
desired. 


A  O 


+v 


Figure  6 


The  topology  is  simply  a  difference  amplifier.   The  output  occurs  at  B; 
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B  =  A[A^]    x/  ST. 

D  1 


B  =  XR.  ttg  +    Aj,  +    Agl    V  ST^ 


The  timing  relations   are  shown  in  the  folloving  figure 


■A  +  /^ 
R     B 


^0    ^O^^B 


B   -R 


^O^^^'^B 


-R   -B 


^O^^B^^R 


Driver  Input 


Driver  Output 


FF  Emitter 


% 


to+^B+V^B^R 


Figure  7 


This  method  of  gating  provides  considerable  overlap  between  timing  pulses 
allows  large  deviations  of  the  £^ .  '  s  from  their  averaj 
the  safe  driver-input  pulse  length  may  be  defined  as: 


It 


allows  large  deviations  of  the  £^ . ' s  from  their  average  value.   On  this  basis 


I 


H'   ^^*     ^B  +   ^ 


P     =  Safety  Factor 


n 

Min 


=  A     -  A     +  Ag    -  A 
Max     ^in      Max 


B 


Min 


It  should  be  noted  that  A.   may  be  different  for  a  zero  or  one  gating  cycle. 

In  any  case^  the  worst  deviation  should  be  usedo   Since  the  information  occurs 

at  the  emitter  some  time  before  t  =  t_  +  L  the  quantity  L_  may  be  used  to 

OK  K 

define  the  access  time.   The  obvious,  but  nevertheless  important,  point 

concerns  the  relation  between  driver  and  flipflop  speed.   For  a  fast  system, 

both  C      and  ^   are  small;  for  a  balanced  system  A   and  >A   are  of  the 
KB  KB 
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same  magnitude.   Large  differences  indicate  miss-match  "between  driver  and  storage 
element  design^  and  therefore  an  uneconomical  and  perhaps  a  misdesigned  system. 

Hence  the  read- in  time  is  given  by: 


The  minimum  read  pulse  length  is  (A-^),, 

^  °  ^      B  Max 


(^bW  < 


t 


IN 


<  A 


R 


^B-^ 


So  far  nothing  has  been  said  about  the  storing  capability  of  the 
circuit o   Information  travel  has  been  restricted  to  the  emitter  circuit.   Suppose 
the  gating  circuit  is  ignored  for  the  present  and  only  the  storing  mechanism 
is  considered. 


V 


Figure  8 


The  desired  topology  is  shown.   The  steady  state  store  is  of  course  obtained 
when  the  loop  gain  is  larger  than  unity,'  the  bistable  behavior  by  proper 
biasing.   The  circuit  is  a  Schmitt-Trigger  with  the  input  point  on  the  left 
base.   In  order  to  change  the  gated  circuit  to  this  storing  configuration 
the  following  circuit  may  be  used: 


S  o 


Figure  9 
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The  function  of  the  diodes  has  in  part  been  discussed  earlier.  Their  behavior 
is  summarized  as  follows: 


D-1 

On 
During 
Gating 

D-2 

On 
During 
Store 

D-3 

On 
During 
Gating 

R  and  R  are  the  read  signals.  They  are  in  time  phase^  but  may  differ  in 
potential.   The  state  of  the  flipflop  may  be  sensed  by  considering  the 
occurrence  of  current  i.   It  is  to  be  noted  that  the  collector  of  T-2  may 
be  considered  as  an  isolated  point. 

Some  comments  may  be  made  concerning  the  behavior  during  the  transition 
period o   In  order  to  explain  the  mechanism  of  state  retention,  some  of  the 
properties  of  transistors  are  recalled o 


e  O 


The  minority  carrier  charge  distribution  in  the  transistor  during  conduction 
is  given  by  curve  a.   During  equilibrl\jm  conditions ,  i.e.  the  "off"  condition 
the  distribution  is  as  shown  by  curve  c.   In  order  to  turn  the  transistor  off 
electron  injection  must  occur  at  the  base.   This  takes  a  finite  amount  of  time 
(stored  charge  theories).  The  equivalent  circuit  yields  similar  results. 

The  initial  voltage  across  the  diffusion  capacitance  C  is  given  by: 

^    kT 
r  1   ^  — 
e  e     q 
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A/- 


1 
J" 


■^   c 


^ 


Figure  11 

If  the  current  is  interrupted,  the  diffusion  network  remains  active  due  to 
this  stored  charge. 


answered ; 


As  far  as  collector  response  is  concerned,  two  questions  must  be 

1.  Does  the  emitter-base  diode  become  reverse  biased 
during  transitions? 

2.  If  so,  does  this  mean  a  loss  of  state? 

The  first  question  is  answered  by  considering  the  following  figure 


V, 


T-1 


D 


T-2 


Figure  12 

During  the  gating  cycle,  the  two  base  voltages  are  somewhere  within  the  shown 
tolerance  bands.   In  the  storing  state  these  bands  are  shifted  to  a  new  DC 
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potential.   If  the  system  is  to  retain  the  state^  the  band  separation  D  must 
be  maintained  at  some  minimiim  value.   Hence,  the  velocity  connected  with  the 
movement  of  the  bands  should  ideally  be  the  same  for  both  bands.   This  means 
that  the  rise  time  of  R  and  R  should  be  very  nearly  the  same.   It  does  not 
state  that  the  displacement  of  the  bands  be  equal.   It  does,  however,  state 
that  after  reaching  a  steady  state,  there  exists  some  minimum  band  separation. 
Hence  the  magnitude  of  the  potential  swing  of  R  and  R  need  not  be  equal. 

Suppose  the  steady  state  criterion  is  met,  but  the  rise  times  of  R 
and  R  are  not  equal.  Then  the  bands  may  overlap  or  cross,  i.e.  a  change 
of  state  may  occur  if  a  steady  state  criterion  is  used.   Does  this  mean  that 
a  loss  of  state  occurs?  This  may  be  answered  by  considering  two  cases.  The 
expression  for  the  current  gain  is: 


a     = 


,  -sm^ 

"^ 

1  +  s'^^ 


m  =  delay  constant  (see  transistor  evaluation). 

a)  Attempted  turn-off  during  t  <  mj^ 

This  situation  exists  during  very  fast  gating  cycles.   The  informa- 
tion is  received  at  the  emitter.   The  read- in  gate  is  restored  to  its  normal 
position  before  the  collector  responds  to  the  change  of  state.   The  emitter 
network  already  reached;  a  quasi-steady  state  since  enough  tim_e  (  A-n   )  was 
allowed  for  settling.   Charge  redistribution  occurs  in  the  base  region  due 
to  the  diffusion  network.   As  long  as  this  process  continues,  the  transistor 
cannot  be  considered  off.   If  the  back-bias  is  removed  during  this  time 
interval,  the  stage  retention  is  assured.   The  interval  is  computable  from 
suitable  experiments.   The  discharge  time  of  the  diffusion  network  is 
measurable  as  the  turn-off  time. 

b)  Attempted  turn-off  during  t  >  m.V 

In  this  case  the  a-generator  is  already  active.   Since  it  has  a 
delayed  response,  partially  due  to  base  transition  times,  the  process  is 
similar  to  that  of  the  previous  case,  but  in  any  case  more  favorable. 
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The  above  statements  may  be  suimmarized  as  follows; 

The  state  is  stored  on  the  emitter-base  capacitance  and  possibly  on 
the  effective  collector  capacitance.  The  nonlinearity  of  the  diffusion 
network  is  aiding  in  this  problem.   State  retention  is  assured  as  long  as 
reverse  bias  conditions  on  the  conducting  transistor  do  not  persist  longer 
than  the  turn-off  time  of  the  transistor  under  similar  operating  conditions. 

Readout ; 

If  the  storage  system  is  to  be  used  for  a  register,  the  stored  signal 

must  be  available  upon  demand.   The  collector  current  of  T-2  is  the  stored 

information.   One  of  the  simplest  methods  to  perform  the  gating  function  is 
that  of  using  a  current  OR  circuit. 


I   v^  I 

ST    G 


=  f 


OUT 


G 
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^STJ'^ 
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Conclusions : 


Figure  13 


The  proposed  storage  element  has  the  following  properties; 

1.  It  is  a  difference  amplifier  during  gating.   Its  collector 
impedance  is  low  to  obtain  fast  settling  responses. 

2.  It  is  a  Schmitt -Trigger  during  storing. 

3.  Transition  is  accomplished  by  making  use  of  the  storage 
properties  of  transistors. 
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The  proposed  register  system  is  characterized  by: 

1.  using  single-wire  methods  with  only  a  single  element  in 
series  with  the  signal  path  due  to  gate-in  circuitry^ 

2.  using  no  interconnecting  logic  within  its  own  complex^ 
but  rather  a  system  of  signal  busses  from  which  informa- 
tion is  transferred  by  using  the  drivers, 

3-  using  a  current  OR  circuit  for  its  output  gate  to  achieve 
high  speed. 

I.   TRANSISTOR  CHARACTERIZATION 

One  of  the  initial  restrictions  of  the  register  system  concerns  the 
selection  of  transistors.   It  was  considered  that  a  somewhat  cheaper  type 
transistor  than  the  GFk^Oll   should  be  used.   The  N-lOO  and  its  complement, 
the  N-lOl,  were  obtained  in  sample  quantities  from  Texas  Instruments,  Inc. 
They  are,  however,  not  an  experimental  model,  but  have  been  in  production 
for  some  time.   A  study  of  their  static  and  dynamic  characteristics  was 
conducted,  which  is  summarized  in  this  section.   The  results  of  this  section 
lead  to  the  selection  of  the  saturation  margin,  maximum  current  densities 
and  to  a  general  understanding  of  the  device  and  its  limitations.   It  is 
believed  that  this  type  of  study  is  essential  to  any  basic  element  design 
and  useful,  if  not  essential,  in  respect  to  estimated  reliability  and  optimum 
switching  speed. 

Ao   DC  Evaluation 

Specifications  for  the  NPN  and  PNP  diffused-base  germanium  transistors 

are  included  on  the  enclosed  specification  sheet.   The  V_^  curves  of  Figure  ik 

and  Figure  15  were  obtained  from  measurements  of  V__  vs .  I„  for  V_,_  =  Iv  and 

8v  for  a  sample  of  Texas  Instrioments  N-lOO  and  NlOl's.  The  curves  include  the 

worst  case  values  for  the  V„^  of  the  samples  at  the  specified  emitter  currents. 

BE 

An  additional  variation  of  +0.025v  is  included  at  each  point  due  to  a  temperature j 
variation  of  from  15  C  to  35  C,  corresponding  to  an  assixmed  temperature 
coefficient  of  2.5  mv/  C,   An  additional  variation  of  +20,  -10  mv  was  added 
to  compensate  for  aging. 
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N-  250  (DPNP)  &  N-251  (DNPN) 


D«t«   11-ia-vO 


Custoiaer  University  of  Illinois 

specification  for  PN?  &  NPN  Diffused  Germanium  Transistor  Sitallar  to  T.I.  N-lOO  &  K-lDl 


Mechanical  D«it& 

Metal  c&se  wiJili  gles3-to-aetal  herooetic  seal  between  case  and  leads. 

Unit  weight  is  approximately  1  gram.   These  units  meet  JEDEC  outline  TO-3  and 

E3*44  base  dimensions.   The  base  is  connected  internally  to  the  case. 

I  Absolute  Maximum  Ratings  at  25''C  (case)  temperature 

Collector  Current  50  ma 

Base  Current  10  ma 

Total  Device  Dissipation  in  25''C  free  air   150  raw 
Collector  Junction  Temperature  100  *C 

I  Storage  Temperature  Range  -65  "C  to  100  "C 


Electrical  Characteristics  at  25''C  ambient  temperature 


Parameter 

^CBO 

^EBO 

hx 


BV, 


CEO 


BV 


EBO 


BV 


CEX 


FE 


EB 


FE 


KB 


'ob 


fe 


Test  Conditions 

V^»  -   lOv,    I     «  0 
CB  E 

^EB  ^    ^^'    ^C  "  ° 


CB 


lOv,    V„„   ■   Iv 
EB 


I^   -   100   ua.    Ig  -  0 
Ig   -   100  na.    Ij,  -  0 


C"  ^^^  ^-'   ^E  ■    -^^ 

^  -  10  ma,   V^^  -   lOv 

g   -  10  ma.   V^^  -   lOv 

^  -  15  ma.   V^^  -    Iv 


15 


,   V_,   -    Iv 
CB 


^CB  ■    ^°^'    ^E  "  ^  °^*    f   -   1  mc 


V       -   lOv.    I 
CE  •      C 


Mln. 


30 

7 

30 

30 

20 


10  ma.    f  -   100  mc        3db 
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Of  primary  importance  Is  the  drop-off  of  a   with  emitter  current.   This 
Is  an  Indication  of  the  saturation  margin  required  at  the  anticipated  emitter 
current.   The  curves  of  Figures  l6  through  20  present  an  over-all  view  of  the 
pertinent  DC  characteristics  of  N-lOO's.   It  is  expected  that  the  DC  data  for 
the  N-101  would  be  similar,  except  the  base  to  emitter  diode  drop,  which  is 
given  separately. 

B.   AC  Evaluation 

In  order  to  evaluate  the  switching  speed  of  N-lOO  transistors  in 
comparison  with  the  GF^5011  and  Sl66  types,  relative  switching  performance 
in  a  switching  amplifier  was  measured.   It  was  expected  that  there  would  be 
no  significant  difference  in  switching  speed  in  an  emitter-follower  configur- 
ation.  The  testing  circuit,  shown  below,  is  equivalent  to  the  switching 
amplifier  section  in  the  standard  circuits  for  the  new  Illinois  computer, 
and  about  the  same  as  that  of  the  flowflop.   V   was  kept  at  a  constant  19 
volts  when  the  turn-on  speed  was  measured;  it  was  adjusted  to  give  the  desired 
saturation  margin  for  the  turn-off  speed  measurement. 
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Figure  23 
Switching  Speed  Test 
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Before  describing  the  data,  a  brief  theoretical  analysis  of  the 
transient  behavior  will  be  included.   A  more  complete  account  of  switching 
behavior  will  be  given  elsewhere.   Consideration  of  the  turn-on  transient 
leads  to  two  different  switching  methods «   If  the  switching  diode  is  faster 
than  the  transistor,  i.e.  the  recovery  time  of  the  diode  is  shorter  than 
the  switching  time  of  the  transistor,  and  if  the  enhancement  current  caused 
by  C  at  the  emitter  circuit  is  smaller  than  the  magnitude  of  the  constant 
current  source,  the  circuit  will  respond  like  a  current  mode  switching 
circuit.   On  the  other  hand,  if  the  diode  is  slow  or  if  the  enhancement 
current  exceeds  the  current  source,  the  circuit  will  respond  like  a  common 
emitter  voltage  amplifier  with  switched  (or  delayed)  negative  feedback  at  the 
emitter.   For  the  first  case  the  output  voltage  waveform  at  the  collector 
will  not  overshoot.   In  the  second  case,  the  output  waveform  will  show  an 
overshoot  unless  the  collector  depletion  layer  capacitance  C  and  the  external 
stray  capacitance  C"  is  too  large.   For  the  circuit  shown,  the  diode  will 
recover  in  about  5  nanoseconds.   The  enhancement  current  is  roughly: 


"ENH 


C  AY 
At 


3  X  k 
10 


=  2  ma 


The  current  source  is  larger  than  this  so  that  we  are  dealing  with  a  current 
mode  switch.   The  turn-off  transient  will  be  the  same  as  the  turn-on  transient 
except  for  saturation  effects  at  low  base-to-collector  voltages. 
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Figure  2k 
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R  (1  +   sC'R    )  Otrr^  "^"^^1  +   sC"R    )  I   (s) 

-p     /      ^        _  D C J     I      \  O  C e 

c^^^      ~     R^   +  R^  +   sC"R^R^  e^^^   ^   ^-    C^(R^   +  R^ )   +   sC"R^(^-   CR^ )  1  +  sr 

-z^-    C   (P     +  RJ+   sC"R  (rr-    C  R  )      ^  R     +  R    +   ^C"R  R 

CC  b  C  CD  C  D  CD/,  ^„„     N-r     /      \ 

(1  +   sC  R    )I    (s) 

c'   e'    ' 

1  +  s[(C"   +  C    )R     +   C  R^]   +s  C"R  C  R^ 

^  C        C  CD  C     C     D 

(1) 

c 

RR  a  ir^'^^'^R  I    (s) 

Y  (    \     _     D  c J   (    \  °  '^  e 

^  "        R^   +  R^  +   sC"R^R^  e^^^   ^  T-    C^(R^   +  R^)   +   sC"R^(Z^-    C^R^ )        1  +   sl^ 

a  c  ^  "^"^  (R,  +  R    +  sC'XR  )  n  /I        n'-D  \ 

o  c  ^  Id  c  \>  c'  R^(1  +   sC  R    ) 


R 


r-   C^(R^  +  R^)-.^C"R^(r-   C^R^)  R^-»-R^+   sC-R^R^;  c 

(2) 


Ie(s) 


where 


1  +  s[(C     +  C")R     +  C  R,  )  +  s^C'R  C  R, 

^C  '     Q.  CD  CCD 


1-K       S 


a    = 

O 
■       1    +    S^^ 

o 

^               a 

-1              s 

1  +ZZ7 
a 

«b  = 

=     ^L  +  ^b 

(3) 


C   =  collector  layer  depletion  capacitance 


K   =  phase  factor 
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> 


In  order  to  obtain  the  main  terms,  the  following  assiimptions  are  made 


sC^R^  «  1 
sC'R^  «  1 
This  yields : 


■sm^ 


a  T-R  <S    -"'      I  (s) 
V  (s)  =  RI  (s)  +       °   ^ 


b  e^^     2r-  C  R  +  sC'R  ^   1  +  sr 
c  c       c 

Vc^c^""'^        \         I^(s) 

r-  c  R  +  sC'R  r  +  \j        1  +  s(c  +  c")R  ^^^ 

c  c      c        /         ^  c      c 

For  a  step  input;  the  time  domain  solution  is : 

a  I  R  r- 


V 

c 


(t)  =  R^i^'^  +   r--  (C  +  C")R~~  ^^"^'"        Xj(t  -  m^) 


a  I  R  R  (C  +  C")  (t-mVE   C  +  C") 

—  -  (C  +  C")R     ^^  -  ^  )  "^^  -  "^^ 

^  c       c 


(t)  =  R^I^  e-*/T  .  -¥?-|-  (1  -^  -(t-'-^/T))  U(t  -  mn 


c'  '      b)  e  ■Zr'  -  T 


-^^-|_  (1.^  -(*-^/«)  u(t  -  mr)  (5) 


where 


T  =  (C  +  C")R 
^  c       c 

If  the  exponentials  are  approximated  by  linear  segments,  the  following  diagrams 
represent  the  two  cases : 
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Figure  25 


For  the  capacity-controlled  circuit  (T  >  '^)   the  output  waveform  is  approximated 
by  an  exponential  curve  with  time  constant  T  -  2"  and  with  delay  time  2r(l+m). 
For  the  cut-off  frequency  controlled  circuit  (2"  >  T)  the  output  waveform  is 
approximated  by  an  exponential  curve  with  time  constant  'T'-   T  and  delay  time 
T  +  m^.   In  the  actual  circuit  I  (s)  is  generated  by  the  base  input  voltage. 
This  causes  a  passive  feedthrough  effect  as  discussed  in  the  following  section. 


V 


,(t)  =  - 


^c^B   ^-t/T 


C  +  C" 
c 


(6) 


The  output  voltage  is  therefore  given  by: 


v"(t) 
c 


(«b 


•t/T 


e   C  +  C    B  o  e  c 


(7) 


For  the  turn-off  transient^  the  delay  due  to  saturation  must  be  added  to  (7). 
Evaluation  for  N-lOO,  GF^5011  and  SI66  yielded  the  following  data: 
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TYPE 

c 

c 

C" 

R 
c 

T(nsec) 

f  (m  ) 

^nsec  ) 

(i+m)r 

2.2(T-r) 

Observed 

t 
r 

N-lOO 

7 

k 

1 

11 

150 

1,11 

2.5 

22 

22 

GFi^5011 

3 

k 

1 

7 

500 

0.33 

.75 

lh.5 

Ik 

Si66 

2 

k 

1 

6 

500 

0«33 

.75 

12.5 

12 

C   =  maximum  value  specified 


C"  =  Input  capacity  of  517A  ('^300F) 
1-K 


m   =  n  = 


t 


K 

fo  -   90fo 


K  =  O.k- 


The  agreement  between  calculated  and  observed  rise  time  is  good.   It  may  be 
concluded  that  the  inverse  gain-bandwidth  product  of  the  N-lOO  is  50^ 
larger  than  that  of  the  GF45011. 

Observed  Waveforms: 


a)  Turn -On 


Figure  26 
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TYPE 

^0 

Turn 

On 

i=o 

.5v 

(f=  0.8v 

/=   l.Ov 

/  = 

2.0v 

s  = 

1.5v 
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t 
r 

t 
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^f 

t 
s 

^f 

t 
s 

\ 
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s 

^f 

t 
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^f 

.998 

3 

22 

22 

2h 

12 

26 

8 

26 

k 

26 

5 

26 

N-lOO 

.988 

3 

22 

^7 

25 

3^ 

25 

32 

25 

8 

26 

li+ 

26 

=  986 

3 

22 

51 

30 

36 

28 

32 

26 

8 

26 

li+ 

26 

.992 

1.5 

li+ 

2.5 

2k 

2 

22 

2 

22 

2 

22 

-- 

-- 

GFif5011 

.978 

1.5 

15.5 

h 

25 

3 

23 

2 

22 

2 

22 

-- 

-- 

.971 

1.5 

15.5 

k 

25 

3 

23 

2 

22.5 

2 

22 

-- 

-- 

.992 

1.5 

12 

7 

22 

k 

22 

3 

22 

2 

22 

-- 

-- 

Sl66 

.981 

1.5 

13.5 

7 

23 

k 

22 

3 

22 

2 

22 

— 

-- 

.979 

1.5 

Ik 

10 

22 

5 

22 

k 

22 

2 

22 

— 

-- 

From  the  data  the  following  conclusions  are  drawn: 

1.  The  SI66  is  slightly  faster  than  the  GFU5OII  in  the  turn-on 
condition.   This  is  probably  due  to  the  smaller  depletion 
layer  capacitance. 

2.  The  SI66  has  a  larger  carrier  storage  than  the  GF^5011, 
thereby  requiring  a  larger  saturation  margin. 

3.  The  N-lOO  has  large  carrier  storage.  The  saturation 
margin  should  be  greater  than  2.0  volts.   The  dependence 
of  t  on  a  is  obvious  from  the  Ebers-Moll  theory. . 
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Figure  28a 
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Figure  28b 
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Base  Input  Impedance  (for  Emitter  Follower): 

A  simplified  analysis  is  given  here  to  theorize  the  correct  value  of 
a  speed-up  capacitor. 
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Figure  29 


Base    Input    Impedance : 

Z  = 

H^\ 

(1  + 
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In  order  to  evaluate  the  equation^  two  cases  are  considered; 


Case  I:   t  <  mZ" 


Z  =  r '  + 


a-  =0 
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b   1  +  sT 
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c 


Figure  30 
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Case  II:  t  >  mZ'         cc'    =  a^ 
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Z  =     r.'    + 
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b       1  -  a 
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1  +  s  -^i +  s 


1  -  a 
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TC 
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The  circuit  can  therefore  be  reduced  to: 
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Figure  31 
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It  is  to  be  noted  that  the  network  A  may  have  a  negative  resistance  if 

r -  T^   <   0 

^.    —m J    ^-  V  )   <  0 

T  +-zr  -  a  T'      \T  +r--  OL^' j 

i.e.       tr-   a^R  C  <  0  . 
0  e 

This  condition  was  discussed  in  detail  in  an  earlier  report.   Comparison  of 
circuits  A  and  B  yields : 

^       T2^ 


A 

r 

-  r    ' 

T    +  -Z"-    CCqT' 

B 

°   (T  +  a^r-  qJqT')^ 


<  (1  -  Qq)  . 


Hence  the  network  A  may  he  neglected.   Consideration  of  B  yields: 

(T  -  a.T'  +  a_'^(T  -  a^T'  +T) 

B  =  ^ ^ ^ -  1    (^-%«   1) 

(T  +-r-  a^T'  r  -  (1  -  aQ)T'?^  ^ 


^2=  r^  ^\(Cc^  (l-aQ)C')-.  ^]  . 


The  resulting  equivalent  for  t  >  m^  is  then: 
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=c+  (1-%)C'  +f  =-  C^ 


Figure  32 

Due  to  the  phase  factor  of  oc   the  over-all  equivalent  circuit  will  be  somewhere 
between  the  circuits  discussed  in  Cases  I  and  II.   In  order  to  get  a  good 
approximation,  a  in  the'  last  equivalent  circuit  may  be  takeh  slightly  smaller 
than  the  actual  value.   Two  methods  seem  justifiable: 

a)  a. 
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Calculation  of  peaking  capacitor: 


R. 


-^ 


'-A 


b 


Iq    ^2  >      -  ^ 


R 


IN 


1 

I 


Figure  33 


a^^,  =   Modified  a„ 
OM  0 
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IN   1  -  a 


OM 


f^D,  =  =c  -^  fl  -  °0M>°' 
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For  a  coll.--.ctor  clamped  by  "bumping  diodes^    the   following   circuit  may  be  used; 


2  >    =r  c 


'V 


'^L 


IN  r    1  ^ 


Figure  3^- 


The  optimum  value  of  C  is  given  by: 

s 


hhn 


^s  =  Rg^Ri  +  Rjn) 


Example:   Standard  circiuts  bleeder: 

+25 

3. 


.96k 


Figure  35 
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^IN 


=      C 


^  (1  -  ^OM^^'   ^  F    =     3  .  3.8  .  f^ 


=     7  |i|if 


0.9^(3.3  +t.2/    =    ^3.5  nnf 


C 

s 


3.3   '  7 
.96 


=     20.4  [i[xf 


(RjN  =  °°  )    • 


For  optimum  waveform  transmission  C  should  be  between  13.5  and  20.4  \j.\xt. 
An  experiment  was  conducted  to  check  these  results  and  appeared  to  verify 
the  above  statements . 

If  design  calculations  are  made  on  the  basis  of  the  above  work 
it  should  be  remembered  that  a)  as  the  emitter  current  increases  t^   becomes 
larger  and  a^  smaller.   Hence  the  size  of  the  speed-up  capacitor  increases 
rapidly,  b)   If  diode  clamping  circuits  are  used  at  the  base  C^^  should 
include  the  capacitance  of  the  clamping  network. 


Stability  Considerations: 

In  order  to  estimate  the  behavior  of  the  N-lOO  in  the  negative 
real  input  impedance  region^  the  following  test  was  conducted  to  measure 
the  negative  real  part  of  z. 


O  Scope 


Note:  R  is  adjusted  to 
get  threshold  of 
oscillations . 


Figure  37 
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The  obtained  da,ta,  is  given  in  the  preceding  four  graphs.   In  order  to  estima,te 
the  value  of  L^  reference  may  be  made  to  the  plot  of  L  vs.  spa,cing  over  a,  ground 
plane.   C„  can  be  computed  by  considering  the  previously- derived  input  irapedanc 
and  the  graphical  representation  of  the  wiring  capacitance.   For  a,  detailed 
linea.r  analysis  the  reader  is  referred  to  File  No.  313  of  this  Labora.tory. 


Initial  Transient: 

Saturation  effects  were  observed  due  to  large  feed-through  effects 
In  order  to  estima,te  their  ma,gnitude  and  ca.use,  the  following  analysis  is 
presented: 

a)  Base  Drive: 
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Figure  kk 


V 
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^^^h^h 


■{\  ^   Zg) 


(Z3  +  z^  +  z,  + 


sC 


\>    igl 


Z.  +Z^ 


'2  =   r^(Z^  +  1/sC^)  +  (Z^  +  Z^)(r^  +  Z^  +  1/sC^) 


V 


For  most  ca.ses 


r   « 

e 
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and  for  ca,pacitive  loads: 


V  V 


C     C 


Zg   ''^    '    sC  Z      '    '    Z 


if 


where 


V(s)      =     !0 


V      =    !o _^_b_ 

c  c   c 


1      °o 

a     =     1  +  - 

c 


c     =     1  +  -        . 
c 

The  roots  of  the  denomina,tor  polynomial  are  given  by: 

s  =  -x  +  y         x>y 

^b 
ab  +  c^ 

^  =     2r^(Co  +  a,C^) 


1       /  ,  ,     ^b  ,2   ^^^b^^O  ^  ^'^e) 

b^  0     E^  c  CO 
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The  normalized  output  is; 


V. 


-xt 


Vq  =  r^(CQ  +  aCg)y 


sinh  yt 


(a.b  +  c  ^  ) ^ 

c  c  c 


.1/2 


-(x-y)t  _   -(x+y)t 


The  maximum  with  respect  to  time  occurs  when: 


t  =  t' 


2y     X  -  y 


VgCt') 


yr^(CQ  +  aCg) 


X  -  y  )  X 
X  +  y 


c/2y 


sinh  In 


X  -  y 


y  ]   1/2 


In  order  to  minimize  the  output  volta,ge>  the  only  plysically  realiza.hle  con- 
dition is  given  by: 

X  »  y 


R^  (l-^)(Co-C,(l.^))   »  0 
c  c        E  c 


The  minimum  requires: 


^0'  ^E'  ^b   ^'^®  large. 


C  ,  R_.  R    are  small  . 
c'      E'   c 


The  following  circuit  was  used  to  calculate  response: 

100  8 


V, 


2  _   f,-7o(  z:   ~0'08t  -     £  )    (t  in  nanosceonds) 

^0 

Figure  ^+5 
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Suppose  now  tha,t  r'  Is  neglected. 


Then  the  output  is  given  by: 


as  + 


R  C 

c  c 


1/ 


a 


s  + 


aR   C 
c  c 


"2  1   -(*/aR  0  ) 


0 


^0  °  °o*=0   ^ 


'0   c^  C 


For  the  equivalent  circuit  shown: 

I2     g  ^  -t/12) 

V   =  "^ 

0     ^ 

The  error  is  obvious.   It  is  to  be  noted  that  this  error  becomes  very  small 
after  the  ma.ximum  of  the  exact  waveform  has  been  passed.  This  point  is  given 
by: 

2y     X  -  y 
It  is  then  approximately  true  that 

V_        C        [-1/R  (C^+C  )] 
^0     ^c   ^0 
The  voltage  across  the  depletion  layer  capacitance  is 


V  C 

c  _  ,       c 

^0  ^    "^c^^O 


-[(t'+t)/R  (C^+C  )] 


c^  0  C 
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The  conclusions  are  as  follows: 


The  passive  feedthrough  is  not  negligible.  About  50^  of 
the  input  pulse  appears  at  the  collector  output  without 
pha.se  inversion.   The  differentia,ted  pulse  is  delayed  by 
an  effective  t ' . 

The  collector  depletion  layer  capacitance  is  reverse 
polarized.  The  active  current  generator  will  have  to 
remove  this  charge.   This  means  that  an  effective  pulse 
delay  must  result. 

Pa.ssive  feedthrough  occurs  for  both  current  and  voltage 
switching.   It  is  thus  unavoidable. 


b)  Emitter  Injection; 


^i 


®^      ^ 


^^0 


S  ^ 


Fig"ure  46 


A  formal  solution  is  not  necessary.   By  using  the  previous  situation  with 
the  following  conditions: 

V, 


0 


_0 


^ 


OS) 


the  desired  expressions  may  be  obtained  directly. 
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..{... >...:...4..»^...i...4....:...; 


|...^...u..|...^...;...j....;...4...4, 


V. 


-xt 


sinh  yt 


X   = 


y 


a      c 


<^  *  =  F  '  -  — T-0 

c  c  c 


The  time  constants  are  equal  if   r  «  R^.   Identical  response  occurs  if 
I  R  =  V  »   For  the  numerical  example  given,  this  means  that  unity  base 
voltage  swing  corresponds  rougnly  to  an  equivalent  emitter  current  swing 
of  10  ma. 


II,   STORAGE  ELEMENT 

A .   Flowf lop :   Boundary  and  Optimizing  Conditions 
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Kotatior.,   1.   Internal  nodes  are  specified  by  small  letters.   The  node 
letter  is  used  as  the  first  subscript  on  the  variables. 

2.  The  existence  of  a  one  or  zero  is  designated  by  the  corres- 
ponding subscript. 

3.  The  store  condition  is  noted  by  the  prescript  s . 

4.  Upper  and  lower  band  values  are  marked  by  bars  above  and 

below  the  variables . 

5.  The  subscripts  (l)  and  (2)  refer  to  T  and  1    . 

Switching  speed  analysis  and  tests  on  the  NlOO  indicate  that  for  optimum 
speed;,  a  saturation  margin  of  2  volxs  with  a  collector  current  of  approximately 
15  na  is  cesirahle. 

Boundary  conditions  are  considered  in  detail. 

a  J   GaTintj;  Condition 

I''or  optimum,  design  it  is  desirable  to  have  the  average  potential 
at  node  r   at  the  center  of  the  gate- in  band. 


V     +  V 
c        — ( 

2'                 1 

2 

2 

c 

\o  +  ^lA 

V 

-c 

iR2*% 

Y        +  Y  V   +  V 

al   — al      aO   — aO 


aO      0   -Dl(0) 


V    =  V  -  V   /  V 
-aO     -0    D1(0) 


V 


al    ^1  "  ''dI(I) 


-al    -1  ""  ^Dl(l) 


Substitution  yields 


7       +   V 
R2       -R? 


\k   ^  '^Dk  1 


V     +  V  V     +  V  V       +    '/ 

1       -1  0       -0  Dl       -DI 

+ 


V        +  V 
DO       -DO 


2 


2 


2 


Equation  (8)  is  an  optimizing  condition  for  the  variables  'V'R„,  v  and  v  , 
However^  botn  variables  contain  additional  constraints. 


(8) 


•50' 


In  order  to  ensure  gating  it  is  necessary  that 


V  ,  >  V    (t-1  off) 

— al      c 


\0     <  ^c     ^\     0^) 


An  eqiality  is  not  sufficient  at  this  point.   In  the  steady  state,  the  circuit 
must  act  such  that  either  of  the  two  transistors  are  on,  but  not  both.   This 
requires  that 

4l  >     \^\b(2)  (^2   O") 


V 


EB(1)  ^  ^aO  ^  ^c        (\  O"'   ' 


which  gives 


^R2  ^  ^1  -  ^Dl(l)  -  \b(2)  -  V  (9' 

^R2  2  ^0-^Dl{0)^  W)"^D^   •  <'°' 

Equations  (9)  and  (lO)  may  be  used  to  estimate  the  necessary  band  separation 
of  the  input  signal.   For  typical  values  of  the  S57TG  diode  and  the  N-lOO 
transistor,  voltage  drops  at  15  ma,  (9)  and  (3)  become 

^2   =  \    -    1-T 

-R2      0    ^^ 

For  a  reasonable  value  of  V   -  V__,  we  use  1.2v  (This  boundary  condition  is 

H2         — ritd 

discussed  later.).      Then 

AV         =     1.2     =     V     -V     -1.35 
R2  •  1  0  '^^ 

Av      =      2.6   volts. 

This  means  that  a  signal-free  band  approximately  3  volts  wide  must  exist 
between  a  one  and  a  zero  input. 

b)   Input  Circuit 

The  impedance  level  of  the  input  circuit  is  set  by  the  amount  of 
base  current  required.   Overcurrent  should  equal  this  value. 
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1^(1  -  a)    <    21^ 


25  +  V  ^  -  V-,^/^  X  50  -  V  ^ 

50  -   (v     -  V     ) 

Rp    <    2R,  ::=-^ 5i .  (11) 

(1  -  a)(25  .  Vq  -  v^^  -  y^g) 

c )  Saturation  Margin 

During  gating  zero  the  base  reaches  its  most  negative  value.  The 
saturation  margin,  SM,  should  be  specified  at  this  point. 

SM  >  Vq  -  Vg  -  (Vj,5  +  Vj,^)  (12) 

d)  Power  Dissipation 

Maximiim  power  dissipation  occurs  in  T-1.  The  condition  is  given 


by 


P, 


Max     I  R  y 


V   -  V   -  V  +  V 
Rl   -D2   -2    ^D5 


^1  -  ^  (^5  .  V^2  -  V^^  -  V^s(^)/V  -  ^D2  -  4  ^  ^D5J- 


Max 

(13) 

Hence  (13)  gives  the  minimum  value  of  R^  permissable  for  a  given  P 

e)  Collector  Current 

The  impedance  level  of  the  collector  circuit  is  determined  by 
the  minimum  collector  current.   The  collector  current  magnitude  is  a  function 
of  the  saturation  margin,  the  maximum  emitter  current  (power  dissipation 
limitations)  and  the  minimum,  a.     For  maximum  switching  speed,  as  stated 
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previously,  it  is  desirable  to  have  a  saturation  margin  of  2  volts  and  a 

collector  current  of  approximately  15  ma.  The  minimum  collector  current 

is  given  by 

/25  -  V   -  V   +  V   ^ 
1      ,  a     [^ EB Rl_^  I       _  (^^, 

^Min        \         R,  / 


f )  Minimum  Gain  Requirement 

The  minimijun  collector  current  (with  T,  ON)  is  related  to  the 
voltage  change  at  node  d  between  the  zero  and  one  states  by 

-   -       -  ,'R^(Ri,+Rc) 


2    D5   -3    D3'  -   c^^   R3  +  R4  +  R5 


and  from  (l4) 


(15) 


Equation  (l5)  relates  a       ,    R  and  the  divider  resistors 


g)  T„  Base  Current  Divider  Pull-Up 

In  the  discussion  of  the  required  band  separation  of  the  input, 

an  estimate  of  the  change  in  the  voltage  at  node  c  during  gating  was  made 

in  the  store  state,  with  D,  OFF,  the  impedance  of  the  R  ,  R,  ,  R  divider 

must  be  sufficiently  low  to  accept  the  base  current  of  T-2  without  causing 

large  level  shifts.   The  effective  voltage  change  of  node  c  (in  the  store 

state)  due  to  T-2  base  current  is  /^V  . 

c 


AV     should  be  within  the   "dead  band"   at  node  c. 
c 


(16) 
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h)  Stability  in  Storing  States 

The  isolation  signal  is  supplied  by  Rl,   Rl  must  insure  that  D  is 

off  for  both  V-  and  v^ .   In  addition.  R^  must  maintain  V  in  the  "dead  band" 
0      1  '      1  a 

region  of  the  flowflop  to  insure  state  retention  steady  state-wise.   Isolation 
is  assured  if 

sV   >  V, 
— a  —   1 


sV   =  V   -  V 
^-^a     -Rl    ^1)2 


V    >  V  +  V 
-Rl  -   1    ^D2 


(17) 


State  retention  requires  that 


a) 


sV,  ,   <  sV  , 
bl  —    al 


t) 


sV,  _  <  sV  _ 
bO  —    cO 


Therefore 


_    _      ^^\   +  (Vg  +  V   )R 

V    >   V  +  V   + — — —     -  V  /  X 

^Rl  -    c    'd2        -  'eB  2) 


(18) 


^Rl  ^  ^D2"^EB(1)^ 


2^\  ^  (^3  "  V^^^ 


Ri,  +  R5 


(19) 


Equations  (l8)  and  (19)  are  based  on  collector  bumping  conditions 


-R4     -      ^R3 


(One  State) 


IrI,  +ic(2)     >     Ir3  (2^^°  State) 


2^  -  ^3  ^  ^D3     >  3  "-  ^D3 ;  ^^ 


R^  +  R^ 


^3 


(20) 


^^   -    ^^^^D^)       ^       4  "  ^D3   -    ^Q 


R^+R^ 


^3 


(21) 
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i)  Equations  (20 )  and  (21 )  express  the  necessary  dc  "bumping  conditions, 
However^  for  optimum  dynamic  performance^,  the  inequalities  in  (19)  and  (20 ) 
should  be  replaced  by  equalities.   This  would  produce  minimum  time  delay  due 
to  bumping  diode  recovery  time. 

In  addition  to  the  boundary  conditions  discussed  so  far,  one  must 
insure  that,  under  all  worst-case  tolerance  limits,  the  reverse  ratings  of 
the  traxistor,  and  the  transistor  power  dissipation  are  not  exceeded  in  any 
of  the  various  states.   In  this  circuit  there  are  four  distinct  dc  states, 
namely  "Gate  One",  "Gate  Zero",  "Store  One"  and  "Store  Zero".  The  following 
equations  express  the  worst-case  conditions  which  are  pertinent  to  the 
analysis. 

State  I      Gate  One  or  Store ; 


Maximum  I„(T-2), 


I 


^^-^c  -  V2) 


Maximum  V  , 
c' 


e  R 


\     =  SS-IgjRj 


\     '     \hk   *  '-'i 


\     '-     25  -  VeB(2)  -  ^A 


Maximum  V,, 
d' 


V   =  V  -  V 
d     '3   -D3 


^^d  =  43^3  -  50 


Maximum  emitter  voltage  (T-2), 


\     '     25  -  Ij^R, 


V   =  V   /  X  +  V 
1      EB(2)    c 
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Maximum  IpK, 


Maximum  1  ^ 


Maximum  I  _ 


V  -  V . 
—    _   c   — d 


25  -  V 
I    =  =^ 

R5     R5 


-50  -  V 

I      =  =^ 

R3       R3 


Maximiim  I^ 


hh   ^^  \k      =  \  -  ^R2        ^D4  =   ^R5  "-   h{2)    -  hk 


Maximum  I  _(V  Bump) 


V    =  V  -  V 
D3      3   -d 


T     =   T    -  T 

D3     R3   -R^ 


-Hh    -    ^5  ■'4(2)  "  hk 


State-   Gate  Zero  or  Store  Zero 

Maxlmiim  emitter  current  (T  ) 


I 


^^  -  ^EB(l)  -  \ 


E(l)  R^ 


V   =  V  -  V 
-a     -1    Dl 


4  =  Ir24  -  50 


V   =  V   -  V 
-a     -Rl    D2 


^R2  =  h{l)^^  -   ^^  +  ^Dl  ^  ^D2 
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Maximum  collector  voltage, 


\     =     IR3R3  -  50 


^d  =  \5-^ 


d      c   -R4--4 


-R^  -  -R5  ^  4(2)  "  ^DJ+ 


Maximum  emitter  voltage, 


\     =  25-Ij„R, 


V   =  V   /  s  +  V 
b      EB(l)    a 


Maximum  "base  voltage    (T    ), 

V       =  V  ,    +  V 
c  D4  R2 


^c      =     25   -    IR5R5 


V       =      I„,  R,    +  V^ 

c  R4  4  d 


\h     -      ^R5   ^   4(20    '  -D4 


Max 


imum  "base  voltage    (T,  ), 


V       =     V     -   V 
a  1         Dl 


V       =     V        -   V 
a  Rl  D2 


\     -      Ir2«2   -  ^ 


I 


R2 


=     l,(l)(l  -  a)  *  I 


\     =     25  -  y^g(,)  -  4,R, 
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Maximum  I„„, 


Maximum  I  , 


Maximum  I  ^ 


Maximum  I-p,[-;> 


Maximum  IpK^ 


50  +  V 

I    =  ^ 

R2       Rg 


Dl      Dl      1   —a 


I. 


R3  -    R3 


Id5  "*  ^0^5 


I 


V  -  V , 
c   — d 


Maximum  I_,r-j 

45  = 

25  -  v^ 

55 

Maximum  I  , 

Ijj^  at  v..   =  V  -  V. 


Dl      c    R2 


B,   Method  of  Design 

This  section  is  not  intended  to  concern  itself  with  basic  design 
principles.   It  merely  serves  as  an  aid  to  a  better  understanding  of  the 
tolerance  properties  of  the  circuit.   This  limits  the  discussion  to  the 
collector  circuit  and  the  associated  bleeder. 
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25 


min 
-|  T-2 
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+25 


R^     \ 


Figure  ^9 


a)  Maximum  Expected  Base  Current:   1  ma 
Maximiim  allowable  pull-up  :   v 


^ —  ^    1.03  <  V 
R^  +  R^         -   P 


\  < 


R^v 
5  P 


1.03R.  -  V 
5    p 


This  equation  is  evaluated  on  the  design  plot  for  v  =  0.5v  (Figure  50.2), 
V  =  l.Ov  (Figure  50.I),  and  v  =  1.5v  (Figure  50.3). 


h)     T-2    "Off 


v...        >     5.OV 
Min     — 


V     >     2^.25 


\  '    -97 


1.03R, 


97Ri^  +  1.03R^ 


-  5.0 


1.03R^  +  .97R4 


c)  T-2      "Off" 


\  +  R5     <     I.55R5 


V  <    8,5v 

max     — 


(Figure   50.^) 
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\'   1.03 

V     <  25.75 

Max  -  ^^•'''   .97R  +  1.03Ri^ 


-  k.2 


.9TRc 


.9TR5  +  l.OSRi^ 


R 


;^  +  R^  >  1.69i^R^  (Figure  50. 5) 


d)  Minimum  Qain  Requirement 


R3     <  ^c  +  R^  +  R5 


R3  > 


50  -  5 


25  +  5 

1  +  — 

c   R,  +  R^ 
k        5 


R3  > 


^7.3 


27.6 

"c,^.   ^  R,  +  R^ 
Min    k  5 


This  curve  was  evaluated  for  i     =  10  ma.  (Figure  50.6) 

Min 


P   30  -  13.5  .   25  +  13.5 
R3         R^  +  R^ 


\^     <      .8l^R^  +  R^) 


(Figure  50.7) 


e)  T-2  "On' 


v^.   >  -1.0 
Min  — 


R. 


R. 


25 


R^  +  R^ 


R4  +  R5 


>  -1.0 


1. 


\     > 


(l.OE  -  1.6i)R, 

2^  ' 


T-2   "On"  - 


v..    <  1-5 
Max  - 


R, 


25 


Re  +  R) 
5   k 


-   E 


Ri  +  Re 
h        5 


<  1.5 
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(.9^2  +  1.35)R5 
^*         \    -  25T05 


The  minimum  value  for  V  is  given  by: 


.9^v  +  1.35     1.06V  -  1.61 


25.05  2k. k 

V^  =  12.7  volts. 

In  order  to  minimize  the  collector  swing  and  thereby  decrease  the  switching 
time  V  should  be  as  close  as  possible  to  this  value. 

For  V_  =  13.5V,  the  equations  reduce  to: 

a)  R|^  >  .52  R^  (Fi^re  50.8) 

b)  R^  <   ,56  R  (Figure  50. 9) 
The  solution  from  the  graph  yields  the  following  set  of  values : 

If 


1 
Min 

~ 

10  ma 

^3 

= 

2.7  k 

"3 

= 

2.7  k 

\ 

= 

1.3  k 

\ 

= 

1.2  k 

^ 

= 

2.3  k 

«5 

= 

2.2  k 
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III.   DESIGN  EVALUATION 

A.   Flow flop 

The  design  without  output  circuit  was  tested  dynamically  as  a 
switching  amplifier  to  study  the  effect  of  tolerance  variations  on  speed. 
The  test  circuits  are  shown.   Results  are  presented  in  the  form  of  photo- 
graphs and  need  no  further  comments. 


Test  circuit  for  input  waveform: 


+25 


9IXL 


All  resistors  va.ria,ble  0^0,    +3^;   all  power  supplies  varia.ble. 

Figure  51 

Input   current  mea,surement : 


TP 
o 


t^H4- 


1.8k 


^A- 


■^ 


i 


+25 


I8k 

50 


i" 


Figure   52 
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Input  Characteristics i      Gate  "0" 


Figure  53 
Minimum  Specified  Input  Signal  (Nom. ) 


Figure  5^ 
Maximum  Negative  Input  Signal  (Nom.) 


Figure  55 
Marginal  Input  Signal  (Nom. ) 


All  traces  10  nsec/cm 

a)  Input  +l,5v     , 

-1.5v   ^v^m 

b)  T-1  Base      Iv/cm 

c)  T-1  Collector  2v/cm 


All  traces   10  nsec/cm 


2v/ 


cm 


a)  Input  +l,5v 

-2.5v 

b)  T-1  Base      2v/cm 

c)  T-1  Collector  2v/cm 


All  traces   10  nsec/cm 

a)  Input  +lo5v    ,  / 

-0,5v    ^^/"^ 

b)  T-1  Base       Iv/cm 

c)  T-1  Collector   2v/cm 


Figure  56 

Transient  Input  Current 
(Worst  Case  Tolerances ) 


All  traces   10  nsec/cm 

a)  Input  +1.5v      2v/cm 

b)  Generator  Output  2v/cm 

c)  Collector        2v/cm 

(Refer  to  Figure  52) 
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Input  Characteristics  s  Gate  "1' 


10  nsec/cm,  2Y/cm. 

a)  Collector  T-1 

b )  Input  - 1 . 5 v/+l . 5 V 

c)  Base  T-1 


Figure  57 
Minimum  Specified  Positive  Input  (Nominal) 


Scale :   Same  as  Figure  57 

a)  Collector  T-1 

b)  Input  -1.5v/+3.2v 

c)  Base  T-1 


Figure  58 
Maximum  Specified  Positive  Input  (Nominal) 


Same  as  Figure  57 


Figure  59 
Marginal  Input  Signal  (Nominal) 


Figure  60 
Transient  Input  Cu.rrent  (Worst  Case) 


10  nsec/cm.,   2v/cm 

a)  Generator  Output 

b )  Input  T-1 

c)  Collector  T-1 
Test  Circuit  Figure  52 
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Speed  Dependence  on  Tolerance  Conditions 
a)  Gate  "1" 


Figure  6l 


Worst  Case 
(Power  Supplies J  Resistors,  Input) 


Scale  :  10  nsec/cm,  2v/cni 
Condition: 


+25+ 

2.7k+ 

-50- 

1.3k- 

-13.5+ 

l8k+ 

Tolerances  on  Magnitude  Input:  +1.5v 

a)  Collector  T-1 

b )  Input 


Figure  62 
Best  Case 
b)  Gate  "0" 


Figure  63 
Worst  Case 


Figure  6k 
Best  Case 


See  Figure  61 

All  tolerances  reversed 


Condition; 

-50+ 
-  5+ 
:+25- 
+13.5+ 


2,7k- 

1.3k+ 

2.3k+ 

l8k+ 


Input :  +1 . 5v 


See  Figure  63 

All  tolerances  reversed 
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B.   Average  Tests 

a)  Free-running  Flipflop  Test 

The  following  test  circuit  was  used  to  obtain  data  on  the  average 
flipflop  speed.   The  somewhat  academic  assumption  of  perfect  drivers  permits 
a  flow-gating  system  which  is  limited  only  by  the  speed  of  the  storage 
element.   It  is  to  be  noted  that  interconnection  between  flipflops  was  not 
the  same  as  that  envisioned  in  the  final  system. 


O 


NPN 
PNP 
E.F. 


^> 


O 

TP  #1 


K>2^3)^^\^V>>K>\-^^^ 


TP  #2 


O 


.91-^ 


TP  #3  TP  #+ 


Figure  65 


Free  running  speed: 

In  order  to  calculate  expected  asymmetric  waveforms  within  the 
chain  the  following  formulas  are  developed:  (see  next  page) 

The  down- time  for  the  m.   flipflop  is  given  by: 

lU         m 

t-.=   Z   t„4-Zt   +t^ 
D       ^    f.    -,   r.    nl 
m+1    ill 


if 


1    1^ 

'f  -  15   ^  ^f. 
1    1 


1   1^ 

t    =   r-p   E   t 

r     14-  -,    r. 
1    1 


t^^  ::i^  (lU  -  m)  t„  +  mt  +  t  ^ 
D  f     r    nl 
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H 
■••H 
-P 
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■^ 


-p 


7' 


■p 

HiXIr 


o 

II 
-p 


H 


•H 

PC4 
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similarly: 


t   ;-j  (ll^  -  m)  t  +  mt„  +  t  ^ 
u  r     f    nO 


where  t  is  the  up-time  of  the  m   flipflop.  The  cycle  time^  t  is  then 

t   ^  lU(t„  +  t  )  +  t  ,  +  t  _   . 
c    ^        ^   f         r  nl    nO 


The  symmetry  condition  t_  =  t   is  given  by 


t  _  -  t  T 
n    nO    nl 
m  =    +  _ 


2(t^  -  t^) 


m 


n 
2 


where  n  is  the  total  number  of  identical  elements . 

Experimental  data  was  taken  to  determine  the  four  parameters  involved 
in  the  above  formulas,.   Waveforms  were  taken  at  the  three  points  indicated. 
The  basic  speed  of  the  system  is  approximately: 


f  = 


^f  "S 


10^ 
1+5.8 


f  =  21.9  mc 
Experimental  Data;   Free-running  flipflop 
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t   -,    =  1+2  nsec 

nl 


t  ^  =  26  nsec 

nO 


t^     =  29.57  nsec 


t       =16.21  nsec 
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Experimental  Data:  Free  Running  Flipflop  Test 


Figure  67 


Figure  68 


Figure  69 


■■Hi 


TP  #1 

S  cale :   100  nsec/cm 

2v/cm  center  ground 

Calculated  Values : 

t  T  =  282  nsec 
ul 

t_^^  =  h^6   nsec 


TP  #2 

Scale:   Same  as  TP  #2 

Calculated  Values : 

t  _  =  362  nsec 
u7 

t   =  346  nsec 


TP  #3 

Scale:   Same  as  TP  #3 

Calculated  Values i 

t  , „  =  U27  nsec 
ul3 

t_-,  ^   =  280  nsec 


Scale ;  20  nsec/cm 

2v/cm  0  volt  center 
TP  #2   Fall- time 


Figure  70 
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Scale:   20  nsec/cm 

2nI Q.'m.       0  volt  center 
TP  #2    Rise-time 


Figure  71 


b)  Free  Ring  Test 

In  order  to  test  read-in  driver  and  flipflops,  the  system  shown  was 
connected.   Use  is  made  of  the  natural  delay  of  the  flowflop.   The  resulting 
waveforms  are  shown. 

Q   TP  #2 


6 


Sync,  o- 


1£ 


D        L2 


Lii 


i\ O  TP  #1 


e 
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Figure   72 
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TP  #1 

Scale:   0.5  fisec/cm 

2v/cm   0  volts  at  center 


Figure  73 


TP  #2 

Scale :   Same  as  above 

Division  by  seven 


Figure  7^ 


TP  #1 
Scale : 


100  nsec/cm 

2v/cin 

Speed  k   rac 


Figure  75 

c)  Read- in  Driver 

The  proper  design  of  the  over-all  system  is  connected  closely  to 
the  balance  in  speed  and  other  characteristics  between  the  flipflop  and 
read-in  driver.   Initial  considerations  of  driver  circuitry  resulted  in 
the  choice  of  a  low-power-transistor  driver  rather  than  the  high-power- 
transistor  version. 
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From  the  preceding  sections  it  "becomes  obvious  that  the  rea,d-in 
driver  must  have  two  outputs,  which  differ  in  DC -level  and  AC-swing,  but 
are  in  time  pha,se.   One  of  these  outputs  serves  as  the  isolation  signal  to 
the  input  circuit  of  the  storage  element,  while  the  other  one  disconnects  the 
feedback  loop  to  the  Schmltt -Trigger .   The  necessary  loa,d  currents  for  the 
two  circuits  differ  considerably  so  that  more  power  is  required  to  operate 
the  feedback  circuit  than  the  isolate  circuit. 


Scale :  Uv/cm 

20  nsec/cm 


a.)   Input  without  Pre -driver 

b)  Isolate  Output 

c)  Feedback  Output 


Figure  76 


In  order  to  increase  the  effective  saturation  margin  of  the  flowflop, 
the  isolator  output  was  limited,  so  that  it  will  in  no  ca,se  become  more 
negative  than  2.k   volts.  This  implies  that  gating  into  the  device  by  input 
signals  which  are  more  negative  than  2.k   volts  is  accomplished  by  the  driver 
and  not  the  actual  input  bus . 

In  order  to  minimize  the  oscillation  possibility,  it  is  strongly 
recommended  that  the  negative  bumping  diodes  on  the  bases  of  the  feedba.ck- 
control  part  of  the  driver  be  connected  in  such  a  way  that  they  are  physically 
located  at  the  base  of  the  N-lOO  which  is  furthest  from  the  GF-45011  collector 
sta,ge . 

d)  Output  Circuits 

As  stated  earlier,  the  basic  idea,  of  the  output  circuitry  is  that 
of  a  CURRENT -OR  circuit,  its  inputs  being  the  flowflop  and  the  send-driver. 
Since  PNP  transistors  are  forced  by  compatibility  and  the  CURRENT-OR  is 
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proposed,  the  use  of  a.  collector  a,s  a.  current  source  suggests  itself.  This 
implies  that  it  is  easier  to  furnish  a  current  source  than  a,  current  sink. 
However,  this  is  in  the  end  beneficial  a,s  far  as  the  magnitude  of  source  or 
sinkcurrent  is  concerned. 

An  additional  restriction  is  placed  on  the  output  circuit  "by  its 
loa.ding  conditions.   It  is  envisioned  that  an  n  input  AND  circuit  was  to  be 
driven,  where  n  is  the  number  of  registers  in  the  block.   The  physical  spa.cin^ 
is  by  necessity  large;,  so  that  ca,pacitive  loading  effects  are  high.   Since 
the  cost  of  the  proposed  transistor  is  comparable  to  that  of  a  high-speed 
diode  it  is  proposed  to  replace  the  diode  by  a.  transistor. 

The  resulting  output  circuit  is  as  shown: 
+v'    +25 


Figure  77 

The  send-driver  follows  directly  from  this  circuitry.   It  employs  in  order 
a  level-shifter,  which  is  used  to  suppress  emitter -follower  oscillations, 
a,  buffer  amplifier  and  a.  current  switch.   The  emphasis  on  speed  requires 
the  use  of  a  PNP-NPN  emitter-follower  a.s  a  buffer,  which  was  the  facility 
to  provide  overcurrent  in  both  directions. 


-7^^- 


The  result  is  then  a,s  follows: 

1.  Input  to  send-drlver  positive  -  output  of  AND  circuit  positive 

2.  Input  to  send-driver  negative  -  stored  information  of  flipflop 

at  output  of  send- circuit. 

The  difficulties  a.ssociated  with  the  distributed  AND  circuit  are  partly  eliminated 
if  the  following  construction  procedure  is  used. 
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Bitline 


To  Bitline 
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V 1  +25 


^ 


+2' 


8k 
V^ 1  +25 


Upper  Chassis 


Bit 
Direction 


Lower  Chassis 


Register 


fe: 


Output  -  PNP-NPN  Emitter- 
Follower 


Figure  78 

IV.   SYSTEMS  TESTS  " 

A.   Free -running  Delay  Calibration  Test 

In  order  to  obtain  information  on  read-in  behavior  additional 
delay  within  the  flopflop  ea.ses  the  somewhat  critical  timing  problem  with 
respect  to  rea,d-in  driver  pulse  length.   The  arrangement  shown  in  Figure  79 
allows  delay  unit  calibration.   The  delay  circuit  (Figure  81)  will  disturb 
the  flowflop  output  emitter  follower,  but  will  not  affect  the  storage  a.ction 
of  the  flowflop. 
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Figure  79 
Free-running  Register 


CD  =  cable  driver 

(N-lOO  -   N-101 
emltter-f  ollo-wer ) 

FF  =  flowflop 

D  =  delay  circuit 


+25v 


+25v 


I;l  O 


-50v 


Figure  80 
NOT  Circuit 
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Figure  8l 
Delay  Circuit 


TP  #1 


TP  #2 


TP  #3 


0.5  M-s/cm   2v/ 


cm     Ground  reference  at  center 
Figure  82 


The  ripples  are  not  oscillations 
but  the  induced  noise  caused  by 
the  propa.gation  of  wave  fronts. 
The  number  of  ripples  is  1^4- . 
The  average  delay  time  of  the 
delay  circuit  is: 

[(period  with   delays) 
-  (period  without  delay)] 

^15-2 

=  (2if00  -  710)  ;  15  ;  2 

=  56.  5  mias 

Mea,sured  with  5^5  oscilloscope 
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B.   Minimum  Pulse  Width  Required  for  "Read-in  Control  Pulse" 
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Since  an  artificial  delay  circuit  is  a.ttached  to  ea.ch  bit  of  the 
flowflop;  the  cycle  time  has  no  significance.   The  experiment  wa,s  performed 
a,t  3nic  pulse  ra.te.   The  cycle  time  will  be  studied  in  Section  C. 

The  schematic  diagram  of  the  "Read-in  Control  Pulse"  generator  is 
given  by  Figure  Qh. 
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♦ 


« +25v 


..3k 


s 


10  (inf 


0 


Sinewave 
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Figure  8^4- 
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Figure  85 
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^  Restorer  f ► 

Out 


C  =  10^-^60  |i(if 


"Read- in  Control  Pulse" 
2v/div.,  20  m^s/div. 


"Read- in  Control  Pulse"  train 
2v/div.,  1  fis/div. 


Input  to  the  first  bit  position 
2v/div.,  1  |j.s/div. 


Perfect  Operation 
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Critical 
Operation 


Figure  86 
(Refer  Figure  85) 
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Figure  87 
(Refer  Figure  85) 


Imperfect 
Operation 


-80- 


The  mlnimimi  pulse  width  Is  subject  to  l)  the  length  of  the  wire  connecting 
the  flowflop  chassis  to  the  control  circuit  chassis,  2)  the  waveform  of  the 
"Read-In  Control  Pulse",  a,nd  3)  the  tolerance  deviation  of  the  flopflop 
register  (including  its  driver),  such  a,s  the  variation  of  power  supplies,  the 
aging  drift  of  resistors  and  transistors,  etc.   It  will  not  depend  on  the 
cycle  time.  Among  these  three  fa,ctors,  the  first  two  are  terminal  conditions, 
The  third  factor  will  be  examined  by  the  so-called  marginal  test. 

C.   Marginal  Test 

The  test  conditions  are: 


Nominal 
6^  up 
6io   down 


+25v,  +6.8v,  -5.0v, 
+26. 5v,  +7.3v,  -^.7v, 
+23. 5v,  +6.3V,    -5.3v, 


-13.5V,  -50v, 
■12.0v,  -k^Y, 
•15.0V,    -53v, 


Results  are  shown  by  the  following  pictures 


a,)   Mlnim\;u-ii  Read- in  Control  Pulse 
All  power  supplies   +  O'jo 
2v/div.,  20  mias/ilv. 
This  is  by  definition  the 
nominal  pulse. 

b)   R-2  Driver  Output 
5v/div.,  20  miasec 


c)  Register  (input  to  the  first  bit) 
2v/div.,  1  |j,sec/div. 


Figure  88 
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All  power  supplies  +6^ 

a)  Response  to  the  Nominal  Pulse 
Operation  is  incomplete. 
2v/div.,  2  (isec/div. 

b)  The  Minimum  Pulse  for  Perfect  Operation 

at  +6^  Deviation 
2v/div.,  20  m|asec/div. 

c)  Register  (input  to  first  bit) 
2v/div.,  2  [j,sec/div. 


Figure  89 
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All  power  supplies  -6^ 
a)  Response  to  the  "nominal  pulse" 


b)  The  Minim\im  Pulse  for  Perfect 
Operation  at  -6^ 

2v/div.,   20  m|j.sec/div. 


c)  Register  (input  to  first  bit) 
2v/div.,  2  |asec/div. 


Figure  90 
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The  results  are  summarized  In  Figure  91-   From  these  results^  the 
following  conclusions  may  be  dra.wn. 

1)  The  flowflop  is  optimized  dynamically  as  well  a,s  sta.tically, 
"beca.use  it  shows  the  shortest  minimum  pulse  width  a.t  the 
nominal  conditions . 

2)  The  safety  factor  of  2,  i.e.,  88  m^s  pulse  width,  will  be 
sufficient  in  a  pra.ctical  case. 


--  100  m[is 


Figure  91 


D.   Cycle  Time 

The  cycle  time  wa.s  tested  by  the  scheme  shown  in  Figure  92.   In  order 
to  obtain  the  minimum,  cycle  time  all  outputs  of  1^  flowflops  were  left  inde- 
pendent.  The  at^tempted  direct  mea,surement  of  the  minim\am  cycle  time  was 
unsuccessful  beca.use  the  switching  speed  of  flowflops  with  their  output  terminals 
isolated  wa.s  so  fa.st  that  the  monosta.ble  pulse  genera.tor  could  not  genera.te 
the  desirable  patterns  a.t  high  frequencies  (higher  than  10  mc).   The  switching 
time  required  of  the  flowflop  by  the  systems  group  is  I50  m|as.   Therefore,  if 
the  registers  opera.te  a.t  a,  7  inc  ra.te  this  requirement  ma.y  be  said  to  be 
satisfied.   The  ba.sic  flowflop  register  ("basic"  mearis  the  tested  flowflop 's 
output  is  independent)  operated  at  7  n^<^  without  any  difficulty. 
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Schematic  Diagram  of  Testing  Circuits  and 
Expected  Waveforms  Neglecting  all  Transient  Times 
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The  indirect  estimation  of  cycle  time  will  be  performed  by  measuring 
the  following  transient  tim.es: 

1)  Minimum  "Read-in  Control  Pulse"  Width 

2)  Rea,d-in  Driver  Transient  Time 

3)  Gate -in  Time 
k)  Gate -in  Transient  Time 


*1'  *2 


These  are  defined  by  Figure  93 • 
Read-jn  Control  Pulse 


w 


R2  Out 


w 


;onstaRt 


=  t' 
w 


Rl  out, 


Figure  93 
-85- 


The  minimvim  cycle  time  is  the  larger  of 


t^  +  t^  +  f 
1    2    w 


and    t_  +  t. 


If 


^1  ^  ^2  ^  ^;  ^  ^2  "  H  > 


the  cycle  time  is  driver -limited.   If 


*i  -^  *2  +  *;  <  *3  *  \ 


it  is  flowf lop -limited.  Measured  waveforms  are  shown  in  the  following  pictures 


Signal  Input  to  the  Flowflop 

Ground 

Read- in  Control  Pulse  with  Delay 
5Qmjasec/div.,  2v/cm 


Ground 


R2  output 


:Al||l  Rl  output 

h'/  Ground  for  Rl 

m 

lli  Ground  for  R2 

Figure  ^k 


Signal  output 

50  m(isec/div.,  2v/div. 


50  m|j.sec/div.,  2v/div. 


The  ripples  are  due  to  the  connecting  wires. 

Since  the  outputs  Rl  and  R2  are  delayed  by  20  or  30  m|as  after  the 
Read-in  Control  Pulse  occurred^  the  simultaneous  application  of  both  the 
signal  and  the  Read-in  Control  Pulse  is  perfectly  permissible  unless  the 
waveforms  of  the  input  signal  are  too  slow. 
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The  wa,veforms  of  the  simultaneous  operation  are   shown  in  Figure  95, 


j^^ggggSlBBlBli 


Rea,d-in  Control  Pulse 


Input  Signal 


Signal  Output 


50  nijas/div.,  2v/div. 


Figure  95 


Minimum  pulse  width  operation  (t  )  .   Is  sho\m  in  Figure  96. 


Signal  Input 


Read-in  Control  Pulse 


Rl 


R2 


2v/div.,    50  mjis/div, 
Figure  96 
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From  these  pictures  "we  may  conclude; 


(1)    (f )  .    =  0, 


(2)   The  case  is  driver -limited, 
At  normal  conditions. 


(t,  +  t^)  .   ^    100  m|is 
^  1    2  mm 


t 

= 

A5 

•-^^ 

55 

m|j.s 

t' 

w 

= 

0 

t 

- 

50 

t"-^ 

65 

m(j.s 

t,  =  10  ^  15 


Conclusion: 


Unless  the  output  circuits  (ll-AM))  Increase  the  t^  and  t.  ,  the 
cycle  time  is  driver -limited  and  at  a  ma,ximum  of  10  mc. 


E.  Read-Out  Test 


The  read-out  tests  concern  themselves  with  the  following  circuitry: 


J  8k   < 8k    J  8k   <L8k 


FF, 


-o  +25 


Output  Bus 


FF 


12 


FF 


13 


TP  #2 


TP  #1 

Send  Signal 
Figiire  97 


FF 


\k 


T T  ,  T T 


TP  #3 
o 


5.lki  \ 
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a,)   DC-beha.vicr 

The  loading  effects  a,re  shown  by  the  two  sta,tic  loading  curves. 
The  output  Impedance  is  clearly  less  than  l60  ohms. 

h)  Dynamic  Behavior 

Test  I:   In  order  to  study  the  delays  in  the  circuity  a,  relay-pulse 
test  was  performed  "by  the  following  method: 

1.  Set  all  fourteen  flip flops  to  zero.   This  constitutes 
ma,ximujTi  load  for  the  driver. 

2.  Disconnect  all  flipflops  from,  output  bus  except  the  one 
furthest  removed  from,  the  termina.tion  emitter -follower. 

3-   Load  the  output  bus  with  l80  ohms  in  para,llel  with  5.1k 
resistor. 

The  resu.lts  of  the  test  are  sLown  in  Figu.re  100. 


a)  Reset  edge  of  Send  Circuit 
TP  #3,  TP  #1,  TP  #2 
(top  to  bottom) 


b )   Send ; 

Scale"   loH-/cm.,  10  nsec/cm 
TP  #2,  TP  #1,  TP  #3 
(top  to  bottom) 


Figure  100 


Hence,  the  expe.-'imental  opera.ticn  time  a.ppears  to  be  kO   nsec  to  send  and  35  nsec 
to  reset.   It  is  believed  that  a  sa.fety  factor  of  two  will  a.ccount  for 
tolera,nce  drifts  a,nd  loa.d  changes ;,  so  tha.t  it  is  believed  that  the  read-out 
time  is  not  more  tha.n  80  nsec  in  either  direction. 
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Test  II  (interconnection  Beha,vior):   The  testing  procedure  is 
the  same  a.s  in  Test  I  except  that  the  delay  pulser  is  repla.ced  by  a.  pulse 
generator.   The  test  points  are: 

a.)   TP  #1  -  Input  send  signal 

b)  TP  #2  -  Output  bus 

c)  TP  #3  -  Output  of  flipflop  without  bus 


ir'ii'^j 


All  scales:   2v/cm 

50  nsec/cm 

TP  #3,  TP  #1,  TP  #2   (Top  to  Bottom) 


V.  PHYSICAL  LAYOUT 

Considerable  efforts  were  made  to  obtain  a  layout  which  is  favorable 
a.s  far  as  electrical  chara.cteristics  and  physical  compatability  with  the 
interconnecting  systems  are  concerned.   The  two  categories  do^  of  course, 
conflict  with  one  another  (Murphy's  La,w) . 
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As  far  a,s  electrical  characteristics  are  concerned,  two  points  are 
to  be  considered:  a,)  instability  due  to  wiring  effects,  b)  speed  losses  due 
to  wiring. 

The  stability  problem  cannot  be  solved  uniquely  by  layout  only.   For 
this  rea.son  circuit  design  should  concern  itself  with  this  point.   Insertion  of 
unconditionally  stable  circuitry  in  doubtful  ca.ses  is  not  only  desirable  t)ut 
necessary.   The  conclusion  is  that  DC-design  without  AC -consideration  is  in- 
sufficient.  However^  careful  layout  considerations  tend  to  minimize  the  use 
of  stabilizers.   The  preca.utions  to  be  ta,ken  are: 

1.  Ba.se  leads  in  emitter -followers  must  be  short.   Instability 
occurs  if  the  equipment  ba.se  inductance  is  0.2  microhenries 

or  less,  depending  on  capacitive  load.   The  use  of  complementary 
emitter -followers  does  not  eliminate  instability,  but  it  does 
reduce  it. 

2.  If  an  emitter -follower  is  driven  in  such  a,  way  that  diode 
circuitry  is  connected  to  its  ba.se,  the  diodes  should  be 
connected  to  the  base  of  the  emitter -follower  a.nd  not  any 
other  place. 

3.  Decoupling  networks,  if  used  to  stabilize  bumping  supplies, 
must  be  connected  directly  to  the  signa.l  driver,  a.nd,  if 
the  sta.bistor  supply  ha.s  several  signa.l  diodes  connected 
to  it,  each  one  must  be  bypassed. 

The  problem  of  speed  losses  due  to  wiring  is  proba.bly  worse  tha.n 
tha.t  of  sta.bility.   It  wa.s  found  experiment a.lly  that  signal  busses  of 
a.pproxima.tely  1  meter  length  will  decrease  the  rise  time  of  the  signal  by 
factors  of  up  to  three,  if  the  input  rise  time  is  a.bout  10  nsec .   Experiments 
show  tha.t  the  degrada.tion  ma.y  be  lessened  by  moving  the  signa.l  wire  away  from 
the  ground  plane.   The  spa.cing  becomes  now  critica.l  somewhere  between  0.5  and 
1  cm  spa.cing,  and  wa.s  found  to  be  dependent  on  sending  a.nd  receiving  end 
impedances.   Studies  in  this  field  a.re  incomplete,  but  are  being  continued. 
It  ma.y  be  said,  however,  tha.t  for  the  system  considered,  the  previously 
sta.ted  spacing  is  optimum.   It  should  be  pointed  out  tha.t  the  method  of 
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grounding  the  chassis  plane  itself  is  important.   Here  the  rule  of  "the  more 
the  merrier"  seems  to  apply.  As  pointed  out  earlier,  the  signal  bus  system 
presents  in  itself  some  peculiar  problems.   It  was  found  that  signal  degrada,tion 
is  less  if  the  bus  impedance  is  distributed  along  the  line.   For  example: 
the  output  circuit  employs  a.  single  wire  which  is  connected  to  ea.ch  flipflop. 
The  impedance  level  is  about  2000  ohms.   This  resistor  was  distributed  along 
the  line  in  four  parts  of  8OOO  ohms  each. 

In  summary  form  then:   If  rise  times  of  10  nsec  are  to  be  maintained 
the  bandpa,ss  of  the  circuitry  is  35  MCS.   At  this  frequency  layout  is  as 
important  a.s  ba,sic  design  and  should  be  considered  a  part  of  it.   Therefore, 
eye -pleasing  construction  techniques  should  be  sa.crificed  for  functional 
beha,vior.   The  study  of  transistors  and  suitable  high-speed  topology  in 
itself  is  insufficient  if  not  accompanied  by  a,  similar  study  of  interconnecting 
techniques  = 

The  system  which  is  being  considered  is  proposed  to  have  11  words. 
The  words  are  arranged  in  l/4-word  units  as  shown  in  Figure  102.   Each  word 
uses  two  rows  of  transistors.   The  row  between  t^^o  words  is  used  for  driver 
loca,tion.   Input  and  output  signals  are  loca.ted  on  vertical  busses,  driver 
signals  on  horizontal  ones.   The  bit  distribution  of  kik:6   is  forced  by 
minimum  skewing  to  input  and  output  equipment.   A  unit  of  this  type  containing 
2  1/^  words  ha.s  been  built  along  these  lines  and  is  currently  undergoing  tests 
by  the  systems  group.   There  were  no  important  difficulties  in  respect  to 
performance.   The  final  unit  is  under  construction. 
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